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ABSTRACT
We present high spatial resolution CO(1-0) mapping of the luminous infrared galaxy NGC6240 obtained with the IRAM - Plateau
de Bure Interferometer. This source is a well-known early-stage merging system hosting two AGN. We find a broad CO(1-0) line
profile, with maximum velocity 800 km s−1 and FWZI = 1400 km s−1, and displaying several kinematic components, revealing the
complexity of the gas dynamics in this system. We detect a blueshifted CO emission with velocity in the range -200 and -500 km s−1,
peaked around the southern AGN, at the same position where the H2 outflow is located, and with a mass loss rate of ∼ 500 M⊙yr−1.
We interpret this blueshifted component as a outflow, originating from the southern nucleus. The spatial and spectral match strongly
suggests that the CO outflow is connected to the H2 superwind located around the southern nucleus, and to the large scale CO outflow,
with similar velocities, extended on scales of 10 kpc. The large mass loading factor ( ˙M/SFR ∼ 10) of the molecular gas suggests
that the outflow is likely driven by both SNa winds and the radiation of the southern AGN. We discovered a nuclear, redshifted CO
emission peaking in the mid point of the two nuclei, as it is the case for the CO emission at the systemic velocity. The large velocity
dispersion, which reaches its maximum (∼500 km s−1) in the mid point between the two nuclei, suggests that the gas might be highly
turbulent in this region, although the presence of an unresolved rotation component cannot be ruled out.
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1. Introduction
Galaxy encounters and AGN and starburst feedbacks represent
key processes in the hierarchical galaxy formation and evolu-
tion. Mergers modify the galaxy morphology, destabilize cold
gas and trigger both star formation and nuclear accretion onto
super-massive black holes (SMBHs), therefore inducing active
galactic nuclei (AGN) activity (Sanders et al. 1988, Barnes &
Hernquist 1996, Cavaliere& Vittorini 2000, Di Matteo et al.
2005). Simulations of major mergers of disk galaxies with small
gas-to-star content ratio are able to broadly reproduce the prop-
erties of local early type galaxies (Barnes & Hernquist 1996,
Mihos & Hernquist 1996, Bournaud et al. 2004, Hoffman et al.
2010). Mergers of gas-rich disk galaxies may easily form mas-
sive clumps due to internal instabilities, and lead to the formation
of irregular spheroids with high local velocity dispersion (typi-
cally 150-200 km s−1, Bournaud et al. 2011).
AGN and starburst feedbacks are also expected to affect evo-
lution of galaxies (Silk & Rees 1999, King 2010 and refer-
ences therein), by heating the interstellar medium (ISM) through
winds, outflows and shocks, thus inhibiting further accretion
onto SMBH and quenching star formation on nuclear and possi-
bly larger scales in the galactic disk of the host. Radiative feed-
back from a luminous AGN and/or mechanical feedback from
AGN jets could explain the low gas content of local massive
galaxies and the galaxy bimodal color distribution (Kauffmann
et al. 2003, Croton et al. 2006, Menci et al. 2006, Faucher-
⋆ Based on observations carried out with the IRAM Plateau de Bure
Interferometer. IRAM is supported by INSU/CNRS (France), MPG
(Germany) and IGN (Spain).
Giguere & Quataert 2012). Evidence is mounting for AGN feed-
back as a mechanism contributing to the transformation of AGN
host galaxies. Massive, spatially extended outflows have been re-
cently discovered in several local (U)LIRGs and QSOs (Feruglio
et al. 2010, Fisher et al 2010, Alatalo et al. 2011, Sturm et al.
2011, Aalto et al. 2012, Cicone et al. 2012, Maiolino et al. 2012,
Feruglio et al. 2013: F13 hereafter).
NGC6240 offers the opportunity to study the intermediate
phase of a merger event, between the first encounter and the
final coalescence (see e.g. Sanders & Mirabel 1996, Mihos &
Hernquist 1996). NGC6240 is a massive object, probably result-
ing from the merger of two gas rich spirals. The remnants of
the bulges of the progenitor galaxies, separated by ∼ 2′′, along
a position angle of 40 degrees, are located in the central region
of the system (Engel et al. 2010). Each of them hosts an AGN,
with SMBH masses exceeding 108 M⊙ (Engel et al. 2010). Both
the AGNs are highly obscured by a hydrogen column density
of NH > 1024 cm−2 (Compton-thick, Komossa et al. 2003). The
southern AGN has an intrinsic luminosity of L(2-10 keV)> 1044
erg s−1 (Vignati et al. 1999). Observations of CO(1-0) , CO(2-1)
and CO(3-2) emission lines have shown that, unlike the stellar
component, most of the molecular gas is located in the region
in between the two nuclei (Tacconi et al. 1999, Iono et al. 2007,
Engel et al. 2010, Feruglio et al. 2013). The origin of this central
concentration is still debated and fails to be reproduced by cur-
rent simulations of major mergers of gas-rich galaxies. Tacconi
et al. (1999) found evidence of coherent rotation in the cen-
tral concentration and ascribed it to a rotating molecular disk,
although with unusually large velocity dispersion. Recent high
resolution observations of CO(3-2) with the SMA resolved the
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central concentration into two asymmetric peaks, separated by
less than 1 arcsec, that are interpreted as the two gas reservoirs
of the merging galaxies, stripped off from the stellar systems,
and in the phase of tidally falling into the dynamical center of
the system (U et al. 2011).
NGC6240 displays the brightest line emission from hot
molecular hydrogen (H2) among all LIRGs. The H2 emission
peaks close to the southern AGN, unlike the CO emission, which
reaches its maximum in the mid point between the twoAGNs
(Tecza et al. 2000, Ohyama et al. 2003, Engel et al. 2010). The
huge luminosity of H2 (2×109 L⊙, Egami et al. 1999, Tecza et al.
2000) is due to two main processes: a) the expanding motion of
a shell-like structure around the southern nucleus (super-wind),
and b) cloud-crushing at the interface of the two merging nuclei,
where the super-wind interacts with the central concentration of
molecular gas (Ohyama et al. 2000, 2003).
The large scale, butterfly-shaped emission-line nebula seen
in HST Hα images is interpreted as evidence of a super-wind
shock-heating the ambient ISM (Gerssen et al. 2004). The Hα
emitting filaments and bubbles appear to trace a bipolar out-
flow, aligned east-westward, extending up to 15-20 arcsec (7-
10 kpc) from the nuclear region, approximately perpendicular to
the line connecting the two nuclei. The superwind is probably
powered by both the nuclear star-formation and by the southern
AGN. F13 recently reports the detection of large scale structures
of CO, extended on 10 kpc scales, possibly tracing an outflow.
Recently, Sturm et al. (private communication, in preparation)
detected a P-Cygni profile absorption line of OH with Herschel-
PACS, with velocities similar to those found in CO(1-0), unam-
biguously tracing a molecular outflow, although not spatially re-
solved due to the Herschel PSF.
We present in this work high spatial resolution observations
of CO(1-0) in NGC6240 obtained with the IRAM Plateau de
Bure Interferometer (PdBI) in the A array configuration. F13
presents an analysis of the extended CO emission of NGC6240
on scales of ∼10 kpc around the nuclei, whereas in this work
we focus on the nuclear region, close around the two AGN and
the two merging bulges. All positions, fluxes and sizes given in
the text are derived from fitting the visibilities in the uv plane,
unless differently stated. A ΛCDM cosmology (H0 = 71 km s−1
Mpc−1; ΩM =0.3; ΩΛ = 0.7) is adopted.
2. PdBI observations and data analysis
We observed with the PdBI the CO(1-0) transition, redshifted to
112.516 GHz assuming a systemic velocity of 7339 km s−1 (Iono
et al. 2007), corresponding to a redshift of z =0.02448. The ob-
servations were carried out in January 2012 with 5 antennas in
the extended (A) array configuration.
Data reduction was performed using GILDAS. The system
temperatures during the observations were in the range between
150 and 300 K. The on-source time, after merging all the data
and after flagging of the bad visibilities, is 10 hours4. The ab-
solute flux calibration relies on the strong quasars 3C273 and
3C279 and its accuracy is expected to be of the order 10%.
The synthesized beam, obtained by using natural weighting, is
1.27′′ × 0.85′′, with PA= 41 deg. The achieved noise level is
2 mJy/beam over 10 MHz (i.e. ∼26 km s−1). Robust weighting
yields a slightly higher spatial resolution (synthesized beam of
1.20′′ × 0.85′′), but degrades the sensitivity to 2.5 mJy/beam in
10 MHz channels. The sensitivity of data from the D configura-
tion alone is degraded by a factor ∼ 1.5 compared to the merged
A+D configuration data. The gain in spatial resolution is, how-
ever, a factor 1.8 on average. This work makes use of the A con-
Fig. 1. 3 mm continuum map of NGC6240 based on natural
weighting. The VLBI positions of the two AGN are indicated
by stars. The contours are spaced by 3σ, starting from 5σ. The
oval shows the syhthesized beam .
figuration data alone, since a) we aim at reaching the maximum
spatial resolution in the nuclear region of NGC6240, and b) the
CO emitting components presented in this paper are all detected
with a significance > 10σ (see Section 3), so the degraded sen-
sitivity is not an issue.
3. Results
3.1. 3 mm continua
The 3 mm continuum was estimated in a region free from emis-
sion lines (i.e. in the velocity range -3500 to -2000 km s−1 and
2000 to 4000 km s−1). The 3 mm continuum is extended and
resolved into two components, each coincident with the VLBI
position of the two AGN (Hagiwara et al. 2011, Figure 1). Most
of the continuum emission is centered on the southern AGN.
The strength of the 3 mm continuum, estimated by fitting two
unresolved components is, 8.7±0.9 mJy for the southern compo-
nent, and 2.9±0.4 mJy for the northern one. This agrees within
the expected accuracy of our measurements (10%) with the 3
mm continuum measured from the D-array configuration data
(12.7 ± 1.3 mJy, F13). This means that we expect little flux loss
in the nuclear region due to the enhanced spatial resolution of the
observations used here. The continuum emission was subtracted
from the total visibilities to obtain the line emission spectra .
The radio spectral indexes (in the range 0.6-0.7) based on 8 GHz
(Colbert et al. 1994), 1 mm (Engel et al. 2010) and our 3 mm
measurements support the synchrotron origin of the continua.
3.2. CO(1-0) emission line
Figure 2, left panel, shows the continuum-subtracted, integrated
map of CO(1-0). The CO(1-0) spectrum, integrated over a cir-
cular area of radius 3” centered on the emission peak, is shown
in the right panel. The positions of the two AGN nuclei from
VLBI observations (Hagiwara et al. 2011) are indicated by stars.
The peak of the CO emission is centered in between the two
AGN, closer to the southern AGN. Extended fainter structures
are visible on scales of 5′′ along a position angle of 30 de-
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Fig. 2. Left panel: integrated CO(1-0) map NGC6240 (based on natural weighting, logarithmic scale in Jy). Stars indicate the
positions of the two AGN. The large cross indicate the phase tracking center. The contours are 3σ, 5σ, 10σ, 20σ, 30σ, 40σ,
50σ. Labels indicate the positions where we extracted the spectra shown in Figure 2. Right panel: continuum-subtracted CO line
spectrum, integrated in a circular region of radius 3” centered on the peak of CO emission. The spectral channels are 26 km s−1
wide.
Fig. 3. Spectra at the positions marked in Figure1. N AGN, S AGN, A, B, C and E are the same positions as in Tacconi et al. (1999)
maps. Gaussian fitting of the profile is shown in red (total fit). Blue lines show the single gaussian components used in the fit for the
panels where the total fit is not self-explanatory.
grees, with similar morphology to those seen in the CO(2-1)
maps (Tacconi et al. 1999). The CO emission line shows a com-
plex profile, extending from −500 to 800 km s−1 with respect to
the systemic velocity (F13). The integrated strength of the total
CO(1-0) emission, by fitting the visibilities with three elliptical
Gaussian components, is 321±19 Jy km s−1 over FWZI = 1400
km s−1. This is in agreement with previous interferometric mea-
surements (Bryant & Scoville 1996, F13).
The spectra extracted from the regions labeled as A, B, C,
E, H, I and with stars are shown in Figure 3. These include
the positions shown in Tacconi et al. (1999). The spectra show
similar line profiles as those of CO(2-1), but extending out to
larger velocities (out to 800 km s−1) on the red side of the line.
Several kinematic components are detected at different veloci-
ties. The spectrum at the position of the N AGN (N AGN) shows
a pronounced and well defined triple peak profile (peaking at
v ∼ 0, 300, 600 km s−1, Table 1). The spectra at the positions E,
H and I, close to the N AGN, also show at least three spectral
components, peaking at similar velocities to N AGN. The spec-
trum at the position of the southern AGN (S AGN) shows a pro-
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Fig. 4. Channel maps (derived using robust weighting) centered on the velocity peaks seen in Figure 3, and averaged over a velocity
range equal to the FWHM of the corresponding gaussian fit. Contours correspond to 3, 5, 10, 20σ (3, 5, 6, 7σ in the rightmost
panel). The small crosses show the positions of the AGN. The large cross indicate the phase tracking center.
file similar to N AGN, but with a larger intensity ratio between
the systemic and the v = 300 km s−1 components. Conversely,
the spectrum at the position A lacks the v ∼ 600 component,
which is present in the spectra of B and C. Blueshifted compo-
nents at v ∼ −200 and v ∼ −400 appear at the positions S AGN,
A, B, C.
Figure 4 shows channel maps integrated over a bandwidth
corresponding to the FWHM and centered on the velocities cor-
responding to the main peaks fitted in Table 1. Both the systemic
and the redshifted gas peak in the midpoint between the two nu-
clei , similarly to that found by Tacconi et al. (1999), Iono et al.
(2007), and Engel et al. (2010) for CO(2-1) and CO(3-2) emis-
sions. The v ∼ 300 and v ∼ 600 redshifted gas is elongated
along a position angle of 40 degrees, with a size of ∼ 5 arcsec
(∼ 2 kpc). The integrated flux density of the high-velocity, red-
shifted component is 7.6±0.5 Jy km s−1 in the velocity range 500
to 800 km s−1. (i.e. 2% of the total CO emission). The blueshifted
gas is instead found closer to the position of S AGN, peaking at
-0.3, 0.6 arcsec offset from the phase tracking center. The inte-
grated flux density of the blueshifted component, derived from
uv-fitting of two Gaussian models, one elliptical and one circu-
lar, is 17.8±0.6 Jy km/s over 300 km/s (i.e. in the velocity range
Fig. 5. Map of CO emission integrated over -500 to -300 km/s,
and with size 36” squared. Black contours 3, 5, 10, 20σ. The
crosses show the positions of the two AGN. White contours (5
to 30σ, by 5σ) show the detection of the large-scale structures
in the D configuration data, integrated in the range from -400 to
-340 km/s (from Feruglio et al. 2o13).
−200 to −500 km/s), and its projected size is ∼ 2.65±0.2 arcsec,
corresponding to 1.3 kpc, in approximately the east-west direc-
tion, by combining the sizes of the two fitted components. Figure
5 shows the same map as Figure 4 (panel corresponding to -400
km/s) but covering the entire field of view, in order to show the
extended, blueshifted CO emitting structures discussed in F13.
These extended structures are recovered by the observations in
A configuration, where the brightest clumps of emission are de-
tected with significance > 5σ out to distances of ∼ 10 arcsec
eastwards and northeastwards of the nuclei, in a sort of filamen-
tary pattern that develops in the same direction of the elongation
of the compact component seen close to the S AGN. Only the
more compact clumps are visible, the diffuse emission being fil-
tered out by the interferometer. F13 showed that indeed the ex-
tended and compact diffuse gas components are connected. The
geometrical and spectral matches suggest that the gas on large
scales originates from the compact regions, although a projec-
tion effect cannot be a priori excluded. F13 interpreted the ex-
tended structures as an outflow, originating from the S AGN,
although the possibility that they are a tidal streamer of gas, left
behind in the merging process, could not be ruled out.
Figure 6 (left panel) shows the position-velocity cut (PV dia-
gram) along a position angle PA = 16 degrees, i.e. along the line
connecting the two nuclei, from south-west to north-east. The
gas with velocity larger than 500 km/s is shifted to the north-
eastern part of the system. Although no resolved rotation pattern
is seen, the position shift of the gas in the range ±300 km/s along
the cut, slightly larger than the beam, suggests that there might
be unresolved rotation in the central concentration of CO. The
right panel of Figue 6 shows a cut along a PA = 90 degrees,
corresponding to the direction where the blueshifted emission is
elongated, and intercepting the position of the S AGN. Here as
well, we do not find evidence for a coherent rotation. We find,
however, that the gas with velocity between -200 and -400 km/s
is seen everywhere along the cut, on scales of ∼ 2.5 arcsec, as
found also by fitting of the visibilities. A separated component
(5σ) with velocity ∼ −200 km/s is seen at 3 arcsec eastward of
the nuclei.
The offset in position between the peak of the redshifted and
blueshifted emission is shown in Figure 7 (left panel), which
shows the velocity (moment 1) distribution map of CO(1-0). The
velocity gradient between the two AGN is ∼ 150 km/s. Figure
7 (right panel) shows the line-of-sight velocity dispersion (mo-
ment 2) map. This reaches its maximum (∼500 km s−1) in the
central CO concentration, and in the region around the N AGN.
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Fig. 6. Position-velocity plot cut along a PA of -16 deg, i.e. the direction of the line connecting the 2 nuclei, from south-west to
north-east (left panel), and along a PA of 90 deg from north-west to south-east (right panel). Contours are 10σ each, starting from
5σ (σ = 2.5 mJy/10MHz).
Fig. 7. Left: CO(1-0) velocity distribution (moment 1) map of NGC6240. The units are in km s−1. Right: velocity dispersion (moment
2) distribution map. Both derived by using robust weighting to enhance the spatial resolution. Symbols as in Figure 1.
4. Discussion
We have mapped the CO(1-0) emission line in NGC6240 with
the extended A configuration of the PdBI, reaching an average
spatial resolution of ∼ 500 pc at the redshift of the source. The
3 mm continuum shows two components, coincident with the
position of the two AGN. Our 3 mm measurements confirm the
non thermal synchrotron origin of the continua (Engel et al. 2010
and references therein).
Thanks to the large bandwidth available today at the PdBI
(3.6 GHz), we have detected a broad CO(1-0), reaching larger
redshifted velocities than those previously reported (Tacconi et
al. 1999, Iono et al. 2007, Engel et al. 2010). The CO emission,
at different locations of the system, show similar line profiles
to those of CO(2-1) (Tacconi et al. 1999, Engel et al. 2010), but
with larger line width, and exhibit several kinematic components
(blue and redshifted, compared to the systemic one, Table 1). We
confirm that the molecular gas is concentrated in between the
two AGN, in the so-called central concentration.
The total integrated luminosity of the CO line is L′(CO) =
8.6 × 109 K km s−1 pc2, including the central concentration and
the extended structure. Assuming the conversion factor tipically
used for ULIRGs, α = 0.8 (Solomon et al. 1997), we derive a
total mass of molecular gas of M(H2) = 6.8±0.7×109 M⊙. This
is in agreement with the estimate reported by Iono et al. (2007),
6.8 ± 1.7 × 109 M⊙, based on CO(3-2). The luminosity of CO in
the central 1 kpc region is L′(CO) = 5 × 109 K km s−1 pc2 over
a line width of 1400 km s−1. This converts into a molecular gas
mass of M(H2) = 4 × 109 M⊙, consistent with the mass derived
from CO(2-1) (Engel et al. 2010).
We report the discovery of a new nuclear component of
CO(1-0) at redshifted velocities larger than 500 km s−1 and
up to 800 km s−1 with respect to the systemic CO-derived ve-
locity. The luminosity of this component is L′(CO) = 2 ×
5
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108 K km s−1 pc2. The inferred mass of molecular gas is
M(H2) = 1.6 × 108 M⊙, assuming α = 0.8. The possible exis-
tence of this component was suggested by Tacconi et al. (1999)
and Engel et al. (2010) based on CO(2-1), although no direct ev-
idence of such emission has been reported due to the small band-
width. Interestingly, the redshifted emission peaks in the region
between the two AGN, northwards compared to the blueshifted
gas, which is concentrated closer to the S AGN (Figure 4), sim-
ilarly to CO(2-1). This fact was interpreted as a evidence of a
rotating, turbulent molecular disk (Tacconi et al. 1999). In con-
trast, Engel at al. (2010) argued that it was more likely to be a
bridge of gas, which would be prominent for a merger geometry
that is not too far from co-planar and prograde. They also noted,
however, that for the gas mass to be consistent with models, the
CO-to-H2conversion factor would have to be high, as it is the
case of non-virialised clouds. Our data can hardly be reconciled
with one turbulent, rotating disk. The large velocity observed
(800 km s−1), and the lack of a corresponding blueshifted com-
ponent, rule out the rotating disk hypothesis. U et al. (2011) sug-
gest that the large velocity gradients seen in the nuclear region
are two rotating disks (the original gas reservoirs of the merging
bulges) orbiting the dynamical center of the system. Limited by
the spatial resolution of our data, we cannot confirm or discard
this hypothesis. Current hydrodynamical simulations of mergers
of gas rich galaxies (Bournaud et al. 2011) predict the forma-
tion of clumps, producing an emission line profile with multi-
ple components. The velocity dispersions due to turbulence can
reach in these systems 150-200 km s−1, and even 500 km s−1,
when projected along some lines of sight. These simulations de-
scribe mergers of high-redshift galaxies, like SMGs, for which
the molecular gas is expected to be more turbulent than local
galaxies. NGC6240 is a merger of two massive, gas-rich galax-
Table 1. Parameters of the Gaussian fit of the CO-emitting com-
ponents shown in Figure 3.
Component Ipeak v, CO(1-0) FWHM
[Jy] [km s−1] [km s−1]
N AGN 4.8±2 10−2 0. ± 5.0 227±145
2.6±0.2 10−2 305±49 470±179
8.7±3 10−3 619±40 260±106
E 4.6±2 10−3 −248 ± 50 355 ± 167
1.6±0.2 10−2 2.8 ± 9.5 193 ± 57
1.2±0.2 10−2 322 ± 18 400 ± 105
8.4±3 10−3 602 ± 35 204 ± 79
H 1.5±0.3 10−2 −4.0 ± 7.0 152 ± 50
1.7±0.1 10−2 292 ± 21 755 ± 171
4.0±3 10−3 705 ± 67 234 ± 125
I 2.4±0.2 10−2 8.6 ± 4.6 226 ± 41
1.6±1 10−2 338 ± 28 347 ± 74
8.3±3 10−3 540 ± 136 441 ± 274
3.4 ± 2 10−3 −603 ± 65 272 ± 297
S AGN 4.2±7 10−2 −173 ± 408 444 ± 393
0.1 ± 0.1 −13 ± 59 379 ± 146
3.4 ± 0.5 10−2 251 ± 69 450 ± 224
1.0±0.3 10−2 604 ± 112 488 ± 271
A 3.0±3 10−2 −402 ± 74 194 ± 128
1.6±0.3 10−2 39 ± 42 711 ± 164
4.1±5 10−3 195 ± 85 289 ± 172
B 4.6±2 10−3 −224 ± 23 129 ± 61
1.2±0.2 10−2 −82 ± 4 108 ± 43
5.2±1 10−3 96 ± 54 521 ± 220
1.6±1 10−3 559 ± 103 384 ± 224
C 9.1±2 10−3 −224 ± 19 207 ± 77
1.6±0.1 10−2 −4 ± 8 278 ± 61
7.2±2 10−3 567 ± 28 167 ± 56
ies, a rare case in the local universe, but common among high
redshift galaxies. The origin of the huge concentration of gas in
the mid point of the two nuclei is, however, still debated, and not
explained by current models of merging systems.
The blueshifted emission with velocity −200 km s−1 peaks
at a position 0.4 arcsec north of the S AGN, at the same position
of the H2 peak (Ohyama et al. 2000, 2003). The blueshifted CO
with v = −400 km s−1 is also found close to the S AGN, match-
ing the H2 outflowing component at similar velocity (Ohyama
et al. 2000, 2003, Engel et al. 2010). The H2 blueshifted com-
ponents with velocities -200 and -500 km s−1 are interpreted as
arising from super-wind activity in the southern nucleus. These
spatial and kinematic matches strongly suggest that the CO
blueshifted emission is associated with the H2 emitting expand-
ing shell, originating from the southern nucleus. The blueshifted
component has L′(CO) = 4.7 ± 0.2 × 108 K km s−1 pc2, corre-
sponding to a mass of molecular gas of M(H2) = 2.4 ± 0.2 ×
108 M⊙, assuming α = 0.5 (Weiss et al. 2001, Feruglio et al.
2010). Assuming that the outflow is symmetric along the major
axis (bi-conical geometry), Rof = 0.6± 0.1 kpc, and the terminal
de-projected velocity equal to the maximum blueshifted velocity
vof = −400 km/s, we derive a lower limit mass loss rate using
the relation of Feruglio et al. (2010) and Maiolino et al. (2012):
˙M =
3 × vof × M(H2)
Rof
≃ 500 M⊙yr−1 (1)
assuming that the (bi)cone is uniformly filled with gas (or with
gas clouds), and that there is no mass loss through the lateral
sides of the cone. The kinetic power entrained in the outflow is
Pk,OF = 0.5× ˙M×vof h 3×1043 erg/s . The nuclear star-formation
rate measured from FIR SED fitting is 60 ± 30 M⊙ yr−1 (Yun &
Carilli 2002). The derived mass loading factor of the molecu-
lar gas, ˙M/SFR in the range 8-17, suggests that, in addition to
the SNa winds, the AGN contributes to the molecular outflow.
In fact, according to the relation of Veilleux et al. (2011), at the
rate found for NGC6240, SNe can power winds with a maxi-
mum kinetic power of Pk,SF = 4 − 7 × 1042 erg/s. By fitting
in the same spectral range, the nuclear component from the D
configuration data, and using the same assumptions, we get a
mass of molecular gas M(H2) = 1.8 ± 0.4 × 108 M⊙, and a mass
loss rate in the range 300 to 450 M⊙yr−1. Accounting for the
10% uncertainty in the flux calibration the two estimates are con-
sistent. Conversely, we find a discrepancy when comparing the
compact outflow with that extended eastwards on 10 kpc scale
(F13), which has a ˙M ∼ 100 M⊙yr−1. We discuss here possible
reasons for this discrepancy, in addition to the mis-knowledge
of the conversion factor α, which might be different in the com-
pact region compared to the extended one. Contrary to what as-
sumed in our simple scenario, the eastern extended cone does
not appear to be uniformly filled with gas, when seen with high
spatial resolution: it shows clumps of emission of different sizes
and brightnesses. Moreover, if significant amount of gas is lost
through the lateral sides of the cone, the mass loss rate is not
conserved with increasing radius.
Finally, the similar spatial resolution of our maps and of
those of CO(2-1) (Tacconi et al. 1999) allows us to compare the
line strengths in different locations of the system, i.e. the cen-
tral kpc and the extended region on scales of 3 arcsec around
the nuclei. Figure 1 shows that the CO(1-0) emission exhibits
a very similar extension and structures to the CO(2-1) one.
We measure the total emission in two apertures centered on
the emission peak, with radius 1 and 1.5 arsec each. In the
central 1 kpc region around the central concentration we find
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L′(CO) = 3.4 × 109 K km s−1 pc2 in the velocity range -
500 to 500 km s−1. Tacconi et al. 1999) measured a flux of
CO(2 − 1) = 528 Jy km s−1 for the central 1 kpc region, and
a total flux density of 1220 Jy km s−1 in a 1.5 kpc region, in the
same velocity range. The ratio L CO(2−1)/L CO(1−0) = 1.0 for
the central concentration, indicating that there the gas is moder-
ately optically thick. The integrated flux density in the extended
region around the two nuclei is L′(CO) = 1.2×109 K km s−1 pc2,
which gives L CO(2−1)/L CO(1−0) ∼ 3.8, suggesting that the gas
here is instead optically thin.
5. Summary
We present high spatial resolution CO(1-0) imaging of the lu-
minous infrared galaxy NGC6240 obtained with the PdBI. We
provide our main findings below:
1. We find a broad CO(1-0) line profile, with a maximum ve-
locity 800 km s−1 and FWZI = 1400 km s−1, with several
kinematic components, witnessing the complexity of the gas
dynamics in this source. The CO emission peaks in the mid-
point between the two nuclei, as found in previous studies
(Engel et al. 2010 and references therein). This component
is not predicted by recent hydrodynamical simulations of
mergers between gas rich galaxies (Bournaud et al. 2011).
2. The blueshifted CO emission with -200 and -500 km s−1,
peaks close to the S AGN, at the same position where a
H2 outflow is found. Based on this, and on the fact that an
outflow is also seen, with similar velocities, in absorption
with Herschel-PACS (Sturm et al. in prep.), we regard this
result as a clear indication of a massive molecular outflow,
expanding from the southern nucleus. Its mass loss rate is
∼ 500 M⊙yr−1, and the mass loading factor of the molecu-
lar gas, ˙M/SFR, is of the order 10. The CO outflow is likely
connected to the H2 superwind around the southern nucleus
(Ohyama et ao 2000, 2003), and to the large scale CO out-
flow, found on scales of 10 kpc, showing similar velocities
(F13) and a filamentary structure that appears connected to
the S AGN. The molecular compact outflow is likely driven
by both AGN and SNe.
3. The redshifted CO emission, which shows a maximum ve-
locity of 800 km/s, peaks in the mid point of the two nuclei,
as it is the case for the systemic CO. The most redshifted gas
is shifted towards the northern part of the system (close to N
AGN). The gas is probably turbulent in the nuclear region,
as supported by the large velocity dispersion, which reaches
its maximum (∼500 km s−1) in the central CO concentra-
tion. We suggest that this component of the molecular gas
is flowing towards, or perhaps orbiting the center of mass of
the system, where probably the two gas reservoirs will even-
tually merge. Limited by the spatial resolution of our data,
however, we cannot conclude about the presence or not of
rotation in the centre of the system.
Interferometric observations with higher spatial resolution
with ALMA will certainly add crucial constraints on the gas dy-
namics in NGC6240.
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